We give a simple human-playable winning strategy for the second player in the game of Sim.
Introduction
In the game of Sim, two players, P1 and P2, compete on a complete graph of six vertices (K 6 ). Each of the players has a colour, say red for P1 and blue for P2. The players alternate turns, starting with P1, claiming one of the previously uncoloured edges of the K 6 and colouring it in their colour. The first player to be forced to form a triangle of their own colour loses. The game of Sim was first introduced by Simmons in 1969 [3] , and has since then attracted a lot of attention. A technical report by Slany [4] provides detailed information about Sim and other Ramsey games, as well as further references to literature on Sim. For more information on this and other misère-type games, see [1] .
It is well known that any two edge-colouring of K 6 must contain a monochromatic triangle (as the Ramsey number R(3,3) equals 6). Thus, it is impossible for the game of Sim to end in a tie. Consequently, one of the two players must possesses a winning strategy, ie. a strategy that enables the player to win no matter what moves their opponent makes. Computer searches have shown that it is the second player who possesses a winning strategy for the game of Sim [3] . Mead, Rosa and Huang [2] have provided an explicit winning strategy, remarking however that 'a simpler (in terms of the rules to be followed) winning strategy is still desirable'. In this paper, we present a different, rather simpler, winning strategy for the game of Sim.
Some Definitions
Before describing the strategy, we need to introduce some terminology. Firstly, by a position of a game after k moves, we mean a subgraph of K 6 with k coloured edges, each either red or blue. Given a position, we can partition the edges of K 6 as E(K 6 ) = R ∪ B ∪ N, where R is the set of red edges (edges that have already been claimed by P1), B is the set of blue edges (edges that have already been claimed by P2) and N is the set of all uncoloured edges.
By a P1-allowed move we mean an uncoloured edge such that colouring it red would not complete a monochromatic triangle. That is, any move that does not lead to an immediate loss for P1 is a P1-allowed move. A P2-allowed move is defined analogously.
Moreover, we will say that a set X of uncoloured edges is a P1-allowed set if X ∪ R does not contain any triangles. Again, we define a P2-allowed set in the analogous way.
Given a position P, We define a mini-board of P to be a complete subgraph of the K 6 such that:
(i) M contains all the coloured edges and at least one P2-allowed move (ii) M is minimal with respect to the above condition, that is, no proper subgraph K ⊂ M satisfies (i).
Clearly, a mini-board exists whenever the position has at least one P2-allowed move. Note that the mini-board, whenever it exists, is unique up to isomorphism. Finally, given a mini-board M, we will say that a set of edges X ⊂ E(K 6 ) is a P1-allowed set on M if X ⊂ E(M ) and it is a P1-allowed set. By a maximum P1-allowed set on M we will mean a P1-allowed set on M of maximum size among all the P1-allowed sets on M. As always, we define P2-allowed set on M and maximum P2-allowed set on M in a similar way. Figure 2 : For the above position (to the left) and the mini-board M (to the right), we have that the set {35, 45} is a P2-allowed set, but not a P1-allowed set. One can check that there is precisely one maximum P2-allowed set on M, namely {15, 35, 45} .
The strategy
We are now ready to define the winning strategy for P2: Whenever it is P2's turn, they should fix an arbitrary mini-board M of the current position. They should then pick a move according to the following rules:
1. Consider only P2-allowed moves on M.
2. Pick the move(s) belonging the the greatest number of maximum P2-allowed sets on M.
3. Pick the move(s) belonging the the greatest number of maximum P1-allowed sets on M.
The rules should be interpreted in a hierarchical order as follows: P2 should start by applying Rule 1. If this does not determine their move uniquely, then Rule 2 should be applied as a 'tiebreaker' to distinguish between the moves satisfying Rule 1. If this still does not determine their move, then Rule 3 should be applied as a further tie-breaker. If the move is still not determined uniquely, then P2 may pick arbitrarily among the moves which are left after applying all three rules.
This strategy does not necessarily determine the move uniquely up to isomorphism. However, if there is more than one move left after applying all the rules, then any of the remaining moves will lead to a win for P2.
An exhaustive computer search shows that this strategy is indeed winning for P2.
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